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ABSTRACT

Infectious diseases are a major cause of larvalaiityrin finfish aquaculture. Understanding
ontogeny of the fish immune system and thus dewedopal timing of protective immune tissues
and cells, may help to decrease serious losses\al lfishes when they are particularly
vulnerable to infection. One component of the ienatmune system of fishes is the host-
defense peptides, which include the piscidins.i@ise are small, amphipathig;helical

peptides with a broad-spectrum of action againsi Mbacterial, fungal, and protozoan
pathogens. We describe for the first time the &alland tissue localization of three different
piscidins (1, 3, and 4) during striped bagmi(one saxatilis) larval ontogeny using
immunofluorescent histochemistry. From 16 days pasth to 12 months of age, piscidin
staining was observed in cells of the epithelsdues of gill, digestive tract, and skin, mainly in
mast cells. Staining was also seen in presumpgweatopoietic cells in the head kidney. The
three piscidins showed variable cellular and tisgaeing patterns, possibly relating to
differences in tissue susceptibility or pathogescsdpity. This furthers our observation that the
piscidins are not a monolithic family of antimicrals, but that different AMPs have different
(more specialized) functions. Furthermore, no imafluorescent staining of piscidins was
observed in post-vitellogenic oocytes, embryodavae from hatch to 14 days post hatch,
indicating that this critical component of the itmanmune system is inactive in pre-hatch and

young larval striped bass.
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1. INTRODUCTION

Diseases that lead to larval mortality significgrbntribute to profit loss in the
aquaculture industry and may influence year classuitment in wild fisheries. The ability to
fight bacterial infections before the adaptive inmawsystem is developed is important to the
survival of young fish. Embryos and larvae of fisla@e exposed to many pathogens prior to the
development and maturation of lymphoid organs amdunocompetence (Zapata et al. 2006).
Maternal transfer of immune factors is a mechanised by many organisms to protect the
oocyte and/or egg and larva from infection. Sevstadies have shown the transfer of maternal
immunoglobulins (lg) to fish progeny through thdkythat is deposited into the oocytes during
vitellogenesis (reviewed in Mulero et al. 2007)e$e Igs may provide some level of protection
against pathogens to the developing embryo ancecartfigher level of survival to the offspring
(Picchietti et al. 2006, Seppola et al. 2009, Han#l. 2004, Hayman et al 1993).

Innate immune factors also are present in the dpuaj oocytes and embryos of fishes.
Unfertilized and developing rainbow tro@rgcor hynchus mykiss) and carp Cyprinus carpio)
eggs were found to contain gene transcripts engaatioteins of the complement system, a
component of the innate immune system that lasgrsph pivotal role in adaptive immunity
(Lavoll et al. 2006, Huttenhuis et al 2006). Traims for lysozyme, cathelicidin (Seppola et al.
2009), and cod piscidins (Ruangsri et al. 201Zjpaarobial components of the innate immune
system, appear to be transferred into the eggslahtic cod Gadus morhua). These factors
may help to protect the developing embryos frontiealty transmitted maternal bacterial
pathogens. In the Atlantic cod studies, abundahteese gene transcripts decreased through

time in the developing embryos and then later iased in the larvae. This may indicate that the



66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

gene transcripts are transferred from the moth#ér@egg and then stored until the offspring can
begin to transcribe their own immune factors.

The ontogeny of the hematopoietic tissues and inensystem in fish varies between
species. In the European sea b&ssentrarchus labrax), the head kidney is microscopically
visible 10 days post hatch (dph), the spleen apt8 and the thymus at 21 dph (Abelli et al.
1996, Quesada et al. 1994), whereas in the Atlaotilc they appear at 5 dph and 28 dph,
respectively (Schroder et al. 1998). Acidophiliamulocytes, the main phagocytic cell type in
vertebrates, were observed at 21 dph in the posietestine and blood, 27 dph in the kidney,
but not until 62 dph in the spleen and thymus englthead seabrearfjarus aurata) (Mulero
et al. 2007a). Pre-T-cells were first seen 5-12dphe pre-B-cells were not seen until 52 dph in
European sea bass, but levels of these immunevestéslower than typically observed in adult
fish and thus considered immunologically immatun&li.37-145 dph (dos Santos et al. 2000).
Also, IgM bearing cells were not detected untildg® in the head kidney of the same species
(Scapigliati et al 2002).

The ontogeny of the immune system of the stripess ifAorone saxatilis) has not been
well studied. Striped bass are an important aqua@d finfish species in the United States and
bred along with the white baddl(chrysops) to create the hybrid striped bass (Garber and
Sullivan 2006). One component of the innate immsystem is the host-defense peptides, also
known as antimicrobial peptides (AMPS). Host-deéepeptides have a broad spectrum of
activity against microorganisms such as bactewagif parasites, and viruses (Diamond et al.
2009; Palffy et al. 2009; Bulet et al. 2004). Theywe been identified in virtually all groups of
organisms, from bacteria to eukaryotic plants amichals. Their ubiquity and potent activity

suggest that they are critical to immune health.nake identified a family of host-defense



89 peptides in the striped bass named the piscidiak( et al. 2008, Corrales et al. 2010, Salger
90 etal. 2011, Salger et al. 2016, Silphaduang arghNa®01). The piscidins are amphipathic,
91 helical peptides between 22 and 55 amino acidsrigth and have been localized to mast cells in
92 the gills, skin, and gut and in mast cells linihg blood vessels in the viscera of the hybrid
93 striped bass (Corrales et al. 2010, Silphaduand\Nmga& 2001). They have been found to have
94  potent antibacterial and antiprotozoan activities.
95 Knowing when and in which cells and tissues theigdiss first appear during striped
96 bass development could help to decrease mortalgytal disease in the culture of this species.
97 This would also provide valuable knowledge of kegtective tissue and cell development at
98 important stages in the culture of the striped lgsislentifying at which developmental stages
99 the fish may be most vulnerable to infection anémthe fish may develop the ability to defend
100 itself from infection. Here we provide immunohisteenical analysis of the ontogeny of three
101 piscidins (1, 3, and 4) during striped bass emhiyand larval development. We show that
102 piscidins are not detected in post-vitellogenicytes or embryos and that they first appear in
103 larvae between 14 and 16 dph. These three pisad@esot always produced and stored in the
104 same cell types and tissues during the differergest of development in the fish. This furthers
105 our observation that the piscidins are not a mdmaclfamily of antimicrobials, but that various
106 isoforms may have different (more specialized) fioms.
107
108 2. MATERIALS AND METHODS
109

110 2.1 Experimental Animals
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North Carolina State University Institutional Anif@dare and Use Committee (IACUC)
approved this research (IACUC #08-118-0). We euteahall animals using MS-222 following
standard procedures.

Striped bassMorone saxatilis) were spawned as part of tNational Program for
Genetic Improvement and Selective Breeding for the Hybrid Striped Bass Industry at the North
Carolina State University Pamlico Aquaculture Fiekboratory (PAFL) in Aurora, NC
according to standard procedures. Post-vitellogeoayte biopsies were collected from mature
female striped bass as described in Chapman @0dl4). Embryos were collected from
MacDonald hatching jars prior to hatching (approtiety 36 hours post-fertilization). Hatchery
phase fish [larvae at 1 hr post-hatch and 1 dagpateh (dph), 3 dph, 5 dph, 7 dph, 9 dph] were
collected from aquaria following hatching and swim Phase | fry (12 dph, 14 dph, 16 dph, 19
dph, 21 dph, and 24 dph) were collected from eargfamds using either a plankton tow or light
trap (MT3, Aquatic Ecosystems, Apopka, FL). Phatederlings were collected from flow
through tanks after they were harvested from earntoads at 27 dph, 33 dph, 41 dph, 45 dph,
49 dph, 55 dph, and 60 dph. Phase | fingerlingewransferred to North Carolina State
University College of Veterinary Medicine (RaleidiC). The fish were held in 113.5 L aquaria
fitted with a Triton sand filter (Pentair AquatigsSems, Sanford, NC) and custom bioreactor.
They were fed a commercial diet (Finfish StarteraMe 5 mm Finfish Gold pellets, Zeigler
Bros., Inc., Gardners, PA, depending on size of fxd grown to Phase Il size. Phase Il fish
were collected at 66 dph, 76 dph, 92 dph, 120 #ip0,dph, and Phase Il fish were collected at
12 months. Water temperature was monitored dailly ainmonia, nitrite, pH, and salinity levels

checked biweekly. Water exchanges were performed daily.



134 2.2 Sample collection

135 Embryos were immediately placed into square mespslyi cassettes (#70073-W,

136 Electron Microscopy Sciences, Hatfield, PA) anddng fingerlings were similarly placed in
137 Micromesh biopsy cassettes (#70074-W, Electron ddicopy Sciences). All fish were

138 euthanized in buffered 200 mg/L MS-222 (Finquelgéat Chemical Laboratories, Inc.

139 Redmond, WA) and 400 mg/L sodium bicarbonate adgegrth institutionally approved

140 protocols. Twelve month old fish were euthanizebuffered 200 mg/L MS-222 and 400 mg/L
141 sodium bicarbonate and the gill, stomach, anténistine, and skin was dissected and placed
142 into a separate slotted histological cassette (X, Electron Microscopy Sciences). Samples
143 for semi-quantitative reverse-transcription polyaser chain reaction (rt-PCR) studies were
144  stored in RNAlater (Ambion, Austin, TX) until progging for gene expression. All samples for
145 immunofluorescent histology were fixed in 10% nelbuffered formalin (Fisher Scientific,
146 Inc., Waltham, MA) for 24 hr and rinsed with diktd water and stored in 70% ethanol until
147 processing.

148

149 2.3 Primary Antibodies

150 Anti-piscidin antibodies were produced by a comna¢idaboratory (Bethyl Laboratories,
151 Montgomery, TX) using the company’s standard pracesl (Corrales et al. 2010, Silphaduang
152 et al. 2006). The following primary antibodies wesed: 1) purified custom polyclonal

153 antibodies against the amino terminal of stripesshascidin 1 (rabbit anti-FFHH; peptide

154 sequence — CFFHHIFRGIVH) at 0.6 mg/mL, 2) purifeegtom polyclonal antibodies against
155 the amino terminal of striped bass piscidin 3 (faabti-HAGR; peptide sequence —

156 CHAGRSIGRFLTG) at 3.9 mg/mL, and 3) purified custpolyclonal antibodies against full
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length striped bass piscidin 4 (rabbit anti-5. 3tk sequence —

FFRHLFRGAKAIFRGARQGWRAHKVVSRYRNRDVPETDNNQEEP) atll6 mg/mL.

2.4 Immunofluorescent histology

Fixed samples were processed for immunofluoreschistology following the methods
of Dungan and Roberson (1993). Samples were embedgmraffin, sectioned tojmm
thickness with a microtome and mounted on SupdrRtss slides (Fisher Scientific, Inc.,
Pittsburgh, PA) at the Histology Laboratory at Marth Carolina State University College of
Veterinary Medicine. Serial sections were eithaimgd with hematoxalin and eosin (H&E) or
left unstained for further immunofluorescent praoed.

Immunofluorescent detection of piscidins in strifpeds histological sections was
performed according to the procedures of DunganRotzerson (1993), with some
modifications. Slides were deparaffinized in xylemel rehydrated in graded ethanol and
deionized water. After washing for 3 min in phogghauffered saline (PBS; BP399-1, Fisher
Scientific), sections were rinsed in blocking buffleBS with 0.05% Tween-20 (PBST) with
2.0% bovine serum albumin, 0.02% sodium azide aB%Mormal goat serum] for 1 h at room
temperature followed by washing for 2 min in PBSlides were then incubated in a humid
chamber at room temperature with the appropriategry antibody [rabbit anti-FFHH, 1:5 in
serum diluent (PBST with 1.0% bovine serum albuamid 0.02% sodium azide); rabbit anti-
HAGR, 1:50 in serum diluent; or rabbit anti-5.31A00 in serum diluent]. After 1 h, the slides
were washed 3x in PBST for 2 min each. They weea thcubated again for 1 h in a humid
chamber at room temperature with the fluorophobelled secondary antibody (Alexa Fluor 488

goat anti-rabbit, Molecular Probes, Carlsbad, C&50 in serum diluent), followed by washing
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twice in PBST and once in PBS for 2 min per wadte 3ections were counterstained with
Hoechst 33342 (Molecular Probes; 1:100 in cold PBS) h in a humid chamber on ice. Each
slide was dipped 10 times in cold PBS and covepslil using Prolong Gold (Molecular Probes,
Carlsbad, CA) anti-fade and mounting medium.

In all experiments, negative controls were perfafrng omitting either the primary
antibody, secondary antibody, both primary and séaoy antibodies, or by substituting the
primary antibody with pre-immune serum from rablmtsnunized with striped bass piscidin 1,
3, or 4 peptides.

Sections were examined using a Zeiss LSM 710 cahfout on a Zeiss Axio Observer
Z1 microscope and Zen 2009 imaging software (Ceai$<, Inc., Thornwood, NY).
Immunofluorescent images were overlaid with themresponding differential interference
contrast image at the North Carolina State UniteiBepartment of Plant Biology Cellular and

Molecular Imaging Facility (Raleigh, NC).

2.5 Semi-quantitative rever se-transcription polymerase chain reaction (rt-PCR)

Piscidin mRNA gene expression was quantified usemi-quantitative rt-PCR
performed as previously described with a few exoept(Reading et al. 2014; Williams et al.
2014). Briefly, total RNA was isolated from Posteliogenic oocytes, 36 hours post-fertilization
striped bass embryos, striped bass larvae at édtrhatch and 1 day post-hatch (dph), striped
bass fry at 3 dph, 5 dph, 7 dph, 9 dph, 12 dplda¥ 16 dph, 19 dph, 21 dph, and 24 dph,
striped bass fingerlings at 27 dph, 33 dph, 41 dphdph, 49 dph, 55 dph, and 60 dph, striped
bass at 66 dph, 76 dph, 92 dph, 120 dph, and 150edal gill, stomach, anterior intestine, and

skin from 12 months post hatch striped bass usimpllreagent (Invitrogen, Carlsbad, CA).
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One microgram of the total RNA was used to syni#eesDNA using a High Capacity cDNA
Synthesis kit (Applied Biosystems, Carlsbad, CAlofeing treatment with Turbo DNA-free
(Ambion, Foster City, CA). RNA was quantified arfitecked for quality at each step using a
Nanodrop ND-1000 spectrophotometer (Thermo Scientif¥ilmington, DE) and agarose gel
electrophoresis, respectively. Gene expressiohedlifferent piscidin forms was measured in
the striped bass cDNA using piscidin gene-spepificers (Invitrogen,; striped bass piscidin 1:
QP1F and QP1R primers; striped bass piscidin 3:FRP8 QP3R primers; striped bass piscidin
4: QP4F and QP4R1 primers; Salger et al. 2016)cifsgigy of the primers for each piscidin
were verified by both forward and reverse direcusmcing of PCR products using hybrid

striped bass gill and intestine cDNA as templatee €ontrol gene for the rt-PCR wa9.

3. RESULTS

No immunofluorescent staining with any of the aatiies used in this study (striped bass
piscidins 1, 3, and 4) was observed in striped pastvitellogenic oocytes, embryos, or larvae
at 1 hr post-hatch, 1 dph, 3 dph, 5 dph, 7 dpipt9 @2 dph, or 14 dpligta not shown). The
first appearance of immunofluorescent staining oecbat 16 dph or in phase | fish for all of the
antibodies that were used. An overview hematoxatid eosin (H&E) image of a 16 dph larval
striped bass is shown for reference of tissuesdtagre (Fig. 1).

Staining using the antibody against striped bassigin 1 in the 16 dph larval sample
was localized to mast cell progenitor cells in buecal cavity (Fig. 2a) and hematopoietic cells
in hematopoietic tissue of the head kidney (Fig.&id mast cell progenitor cells in the dorsal

aorta (Supplementary Fig. 1a). Striped bass pisd@ddvas localized to mast cell progenitor cells

10
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in the kidney tubule epithelium (Supplementary Hig) and digestive epithelium
(Supplementary Fig. 1¢) and mast cell progenittis ¢e the dorsal aorta (Fig. 2c¢), and
hematopoietic cells in the hematopoietic tissuthefhead kidney (Fig. 2d). Striped bass piscidin
4 was localized to mast cell progenitor cells & ¢fil arches (Fig. 2e) and hematopoietic cells in
hematopoietic tissue of the head kidney (Fig. 2f).

Striped bass piscidin 1 was detected in mast cetignitor cells in the dorsal aorta (Fig.
3a) and in hematopoietic cells in the hematopotetsuie of the kidney (Supplementary Fig. 2a)
of 19 dph larvae. Striped bass piscidin 3 was dedeio the lamina propria of the mucosal
epithelium of the esophagus (Supplementary Fig.iBbjast cells migrating between the
columnar epithelial cells of the intestine (Fig),3nd in mast cell progenitor cells in the liver
and in the pancreatic epithelium (Fig. 3c). Stripads piscidin 4 was localized to mast cells at
the base of the gill lamellae (Fig. 3d).

Striped bass piscidin 1 was not observed in arti@®1 dph fish sections. Striped bass
piscidin 3 staining was seen in cells within thecosal epithelium of the thymus (Fig. 4a).
Striped bass piscidin 4 stained in mast cells @mdiscular system of the primary gill lamellae
(Fig. 4b and Supplementary Fig. 3).

For the 27 dph larvae, striped bass piscidin lliloea to mast cells in the lamina propria
underlying the stomach epithelium (Fig. 5a), stlipass piscidin 3 localized to mast cells in the
primary gill lamellae (Fig. 5b) and mast cells ailsdhe lamina propria underlying the stomach
epithelium (Supplementary Fig. 4), and striped lpassidin 4 localized to mast cells of the
primary gill lamellae (Fig. 5¢) and the epidernfisy( 5d).

All three piscidin antibodies stained cells witlie gill, stomach, anterior intestine, and

skin of 12 month old fish. For the gill, stripedsgpiscidin 1 was stained in an unknown cell

11
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type in blood vessels in the pharyngeal teeth @ay.and striped bass piscidin 3 (Fig. 6¢) and
striped bass piscidin 4 (Supplementary Fig. 5Sh&ipdtained mast cells in the gill lamellae.
Mast cells migrating through the columnar epithaliof the stomach were stained with the
antibody against striped bass piscidins 1, 3, a(@upplementary Fig. 5a, Supplementary Fig.
5e, and Fig. 6e, respectively). Striped bass pisdidvas found in mast cells in the submucosa
and muscularis and in veins within the submucodhefnterior intestine (Supplementary Fig.
5b and 5c¢). Striped bass piscidins 3 (Fig. 6d amqgpfmentary Fig. 5f) was found in mast cells
within the lamina propria and mast cells migratihigough the intestinal epithelium. Striped bass
piscidin 4 (Fig. 6f and Supplementary Fig. 5j) veé@ined in mast cells located in the lamina
propria and the intestinal epithelium. In the skitniped bass piscidin 1 was stained in the
stratum compactum of the dermis (Fig. 6b and Supgteary Fig. 5d), while both striped bass
piscidins 3 (Supplementary Fig. 5g) and 4 (Supplearg Fig. 5k) were stained in mast cells in
the epidermis.

The semi-quantitative rt-PCR failed to detect arsgidin gene expression in samples
from 14 dph and earliee. post-vitellogenic oocytes, embryos, or larvae)e Thntrol gene

rpl9 produced a PCR product of the predicted size atiglig that the reactions were successful.

4. DISCUSSION

This is the first description of tissue localizatiof multiple piscidins in the striped bass
during its development. While piscidins appeareddzalized to mast cells in the gills, stomach,
intestine, and skin of adult fish, each piscidund#td here appears localized to hematopoietic,

progenitor, and mature cell populations within eliéint tissues of developing striped bass larvae

12
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and fry. These differential staining patterns imadiécthat the piscidins are localized to similat cel
types, but their production varies between tissukraaturation of cells.

Douglas et al. (2001) found the first evidencelelirocidin transcripts in winter flounder
(Pleuronectes americanus) at 13 dph, increasing thereafter during develagmEhis coincides
with the fact that we did not see any piscidin gexgression or immunofluorescent staining in
larvae at 14 dph or earlier, but we did see stgiainl6 dph and later. The only time point where
piscidin 1 staining was not observed was at 21 tptvever the lack of staining observed in the
tissue sections may have been due to lack of siftiepitopes for recognition by the primary
antibody. We conclude that the piscidins first eg@es proteins sometime between 14 and 16
dph in striped bass fry and the gene transcripédyliare expressed concomitant to this as they
are not detected in larvae earlier than 14 dph.tithieg of this first appearance of piscidins is
important, because striped bass fry are typicatigleed into earthen ponds for fingerling
production at 3-5 dph, after they have developdg functional digestive organs (Harrell et al.
1990). These ponds also may be breeding groungsmfbogens not present in the hatchery. The
ability to coordinate feeding resources, competitend immune functions may be of the utmost
importance during this critical time frame in theveloping fish.

Piscine mast cells can be distinguished from gutidic granulocytes by the presence of
histamine in mast cells, but not acidophilic graytes (Mulero et al. 2008). It has previously
been shown that the antibody used here specifith@striped bass piscidin 1 (anti-FFHH
antibody, used in this study) immunostains magdsclkut not acidophilic granulocytes while the
antibody specific for the striped bass piscidirBtitHAGR antibody, used in this study)
immunostains both mast cells and acidophilic graeytks in gilthead seabream (Mulero et al.

2008). Also, the antibody specific for striped bpsidin 4 (anti-5.3 antibody, used in this
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study) immunostains mast cells in the gill of stdbass, white bass, European sea bass, gilthead
seabream, and red druci@enops ocellatus) (Corrales et al. 2010).

We observed immunofluorescent staining of pis@dimhematopoietic and immature
mast cells or mast cell progenitor cells in thengest fry (e.g., Fig. 2b, 2c¢, and 2d and
Supplementary Fig. 1a and 1c) and mast cells ierdlsh (e.g., Fig. 6¢, 6d, 6e, and 6f and
Supplementary Fig. 5e, 5g, 5i, and 5k) in the dgpiely hematopoietic and epithelial tissues.
Hematopoietic cells have been observed in the kielngy of the gilthead seabream at 6 dph
increasing in number thereafter (Mulero et al. 200The appearance of mast cells in the older
fry is expected as piscidins have been localizeddst cells in the subepithelial and connective
tissues and mucosal epithelial tissues in aduit fslphaduang and Noga (2001) reported that
mast cells in gill, skin, and gut, and those linbigod vessels in viscera, were piscidin-positive
in adult hybrid striped bass. Also, pleurocidin M@salized to mucin granules of skin and
intestinal goblet cells in the winter flound&l €uronectes americanus) using transmission
electron microscopy (Cole et al. 2000). Murrayle{2003) localized pleurocidin gene
expression and protein synthesis to eosinophibaogiar cells, or mast cells, in the non-lamellar
portion of the gill flament of the winter flounderhe staining of potential progenitor immune
cells by antibodies against the piscidins as shioeve could lead to the development of markers
to follow the ontogeny of fish cells involved in mune processes.

Piscidins have been described as ubiquitous effecfathe innate immune system. Most
previous studies have localized piscidin peptidesells located within epithelial tissues where
they can defend against pathogens. In this studyshew differential tissue and cellular
distributions of three piscidins in the striped$aslong with previous studies (Salger et al.

2016) we have shown that the different classessoigins may be specialized and that each of
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these peptides may exhibit specific activities with certain cell or tissue type and against
different types of pathogens. This specializatiso éeads us to believe that through evolution of
this peptide family the piscidins have become difiexd to perform these specific functions. For
example, the Class | piscidins (Salger et al. 20d8)ch includes striped bass piscidins 1 and 3
of this study have a greater activity against Gpasiive bacteria than either the Class II, which
includes striped bass piscidin 4, or the Claspiitidins, whereas the Class Il piscidins have
greater activity against Gram-negative bacteria @ither the Class | or Class Il piscidins. Also,
the Class lll piscidins, while having little to activity against bacteria, have potent activity
against the ciliated protozoaretrahymena pyriformis (Salger et al. 2016).

We observed striped bass piscidin 3 staining intwelsprogenitor cells located in the
liver of 19 dph striped bass larvae. Mast cellseastained in the percPérca fluviatilis) liver
during infection byTriaenophorus nodulosus with the same antibody used in this study (Dezfuli
et al. 2014). AMPs have also been found in othktyjees of the liver: the expression of
cathelicidin-related antimicrobial peptide (CRAMRs been demonstrated in murine
macrophages (Rosenberger et al. 2004) and hepugidiouse Kupffer cells (Theurl et al. 2008).

This study is the first description of the tissustribution and localization of three
piscidins during striped bass development. Althonghmmunofluorescent staining was
observed prior to age 16 dph, all three piscidiesambserved in juvenile fish at every stage.
These results demonstrate that the immune systdevedoping during this critical time and that
the fish are acquiring the ability to fight infemtis. Knowing when piscidins are first expressed
and in which cells and tissues is important forghevival of young striped bass at a critical time

in their development.
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Figure 1. 16 dph striped bass larvae. Hematoxylin and go$&E) stain. B = buccal cavity, D =
dorsal aorta, Es = esophagus, HK = head kidneariterior intestine, Li = liver, N = notochord,
TK = trunk kidney. Scale bar = 2Q@n.

Figure 2. Immunostaining of 16 dph striped bass larvae withanti-FFHH (striped bass
piscidin 1) antibody (green; a, b), the anti-HAGHiped bass piscidin 3) antibody (green; c, d),
and the anti-5.3 (striped bass piscidin 4) antib@plgen; e, f). Staining of striped bass piscidin 1
was localized tda) mast cell progenitor cells (arrowheads) locatethenbuccal cavity and
chromatin counterstained with Hoechst 44432 (béune)(b) hematopoietic cells (arrows) in
hematopoietic tissue of the head kidney. Stripes$ Ipgscidin 3 was found () mast cell
progenitor cells (arrowheads) in the dorsal aonth(e) hematopoietic cells in hematopoietic
tissue of the head kidney. Striped bass piscidirad localized t¢e) mast cell progenitor cells
(arrowheads) in the gill arches affifihematopoietic cells (arrows) in hematopoieticugsef the
head kidney and chromatin counterstained with Heie¢#432 (blue). (a, f) Scale bar = 20.

(b, e) Scale bars = 1Q0n. (c, d) Scale bars = 50n.

Figure 3. Immunostaining of 19 dph striped bass larvae Withanti-FFHH (striped bass
piscidin 1) antibody (green; a, b), the anti-HAGIRiped bass piscidin 3) antibody (green; c-e),
and the anti-5.3 (striped bass piscidin 4) antib@pgen; f). Staining of striped bass piscidin 1
was localizeda) to mast cell progenitor cells in the dorsal adBtaiped bass piscidin 3 was
found in(b) mast cells (arrowheads) migrating between the coarmepithelial cells of the
intestine andc) mast cell progenitor cells in the liver and panticeapithelium (lower left inset
is higher magnification of liver showing stainedl€ke Striped bass piscidin (@) was localized

to mast cells (arrowheads) at the base of théagiikllae. Upper right inset of b and ¢ show
negative controls (excluding the primary antibofitgjn the immunostaining procedure.
Chromatin was counterstained with Hoechst 44432:{lbh b and c (inset). L = anterior intestine
lumen, Li = liver, N = notochord, P = pancreas.dgScale bars = 10@m. (b) Scale bar = 500
um. (c) Scale bars = 2Q0n.

Figure 4. Immunostaining of 21 dph striped bass fry with aimé-HAGR (striped bass piscidin
3) antibody (green; a) and the anti-5.3 (stripeskhascidin 4) antibody (green; I6) Striped
bass piscidin 3 was localized to cells (arrowshimithe mucosal epithelium of the thymus.
Striped bass piscidin 4 was localizedtp mast cells in the vascular system of the primadty g
lamellae (arrowheads). Upper right inset of a shthesegative control (excluding the primary
antibody) from the immunostaining procedure. B sdal cavity, G = gills, T = thymus. (a)
Scale bar = 20Qm. (b) Scale bar = 10@m.

Figure5. Immunostaining of 27 dph striped bass fry with aiméi-FFHH (striped bass piscidin 1)
antibody (green; a), the anti-HAGR (striped bassidin 3) antibody (green; b, c), and the anti-
5.3 (striped bass piscidin 4) antibody (green;)d(&@ Striped bass piscidin 1 was stained in mast
cells (arrowheads) of the submucosa underlyingtbmach epithelium(b) Striped bass

piscidin 3 was localized to mast cells in the pmyngill lamellae. Striped bass piscidin 4 was
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stained in mast cells (arrowheads) in {Beprimary gill lamellae andd) epidermis. E = stomach
epithelium, Ep = epidermis, L = stomach lumen, Sibmucosa. (a) Scale bar = 108. (b-d)
Scale bar = 5Qm.

Figure 6. Immunostaining of 12 mo old striped bass tissuils the anti-FFHH (striped bass
piscidin 1) antibody (green; a), the anti-HAGR istd bass piscidin 3) antibody (green; b), and
the anti-5.3 (striped bass piscidin 4) antibodgégr, c-d). Striped bass piscidin 1 was localized
to (a) cells (arrowheads) in blood vessels in the phaghteeth an¢b) in the stratum
compactum of the dermis (arrows). Striped bassgiisc3 was localized tfc) mast cells
(arrows) in the gill lamellae ar{d) mast cells (arrowheads) within the lamina progrid those
migrating through the intestinal epithelium. Stddeass piscidin 4 antibodies stairfefimast
cells (arrowheads) migrating through the colummmathelium of the stomach ar{t) mast cells
(arrowheads) located in the lamina propria andritestinal epithelium. Chromatin is
counterstained with Hoechst 44432 (blue) in a,EE-£ epithelium. (a, d-f) Scale bar = po.

(b) Scale bar = 100m. (c) Scale bar = 20m.
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Tissue L ocalization of Piscidin Host-Defense Peptides during Striped Bass (Morone
saxatilis) Development

Scott A. Salger, Benjamin J. Reading, Edward J. Noga

» Theontogeny of the host-defense peptides, piscidins, was investigated

» Piscidinsfirst appear in the striped bass between 14 and 16 dph

» Piscidins showed variable cellular and tissue staining patterns

» Could relate to differencesin tissue susceptibility or pathogen specificity

»  Supports observations that each piscidin has different (specialized) functions





